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As a disease without borders, tuberculosis (TB)
remains one of the leading infectious diseases glob-
ally. In Taiwan, TB is the top notifiable infectious
disease and an important public health concern.
In 2005, the Taiwan Center for Disease Control
(Taiwan CDC) declared the goal of halving the
number of notifiable TB patients in 10 years, which
implies that the number of new TB cases notified
per year would be reduced from about 15,000 to
7500 by 2015.1 To achieve this goal, comprehensive
efforts including early diagnosis and appropriate
treatment of active TB patients should be imple-
mented and sustained for a sufficient period of
time. Among these, identification and surveil-
lance of populations at a higher risk for TB is one
of the essential strategies for effective TB control.
Several studies have shown that immigrants
from areas with a high prevalence of TB have 
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a significant impact on the epidemic of TB in many
developed countries.2–9 Foreign-born persons ac-
count for the majority of TB cases in the USA and
Canada, and they are regarded as a high-risk group
for TB in those countries. In Taiwan, the foreign-
born population has been increasing in recent
years.10 A high proportion of the new arrivals are
from Mainland China and Southeast Asia, where
the prevalence of TB is high, as reported by the
World Health Organization.10,11 Limited infor-
mation is available on the epidemiology of TB
among foreign-born persons in Taiwan. In this
study, we outlined the general characteristics of
TB among this population in Taiwan.
Methods
The profile of the general population of Taiwan-
born and foreign-born people living in Taiwan was
obtained from official publications of the Ministry
of The Interior.10,12 Data on people from Mainland
China living in Taiwan were either absent or in-
complete in official publications. The National Im-
migration Agency, Ministry of The Interior, publish
both the number of persons entering and leaving
Taiwan on a monthly basis, stratified by country
of origin.13 To estimate the number of people from
Mainland China living in Taiwan, we calculated
the cumulative difference between the number of
people from Mainland China entering Taiwan and
that leaving from 1992 to 2005, and used the cu-
mulative difference as a proxy of the number of
persons from Mainland China living in Taiwan.
TB is a notifiable disease by law in Taiwan. All
TB patients must be notified to the National TB
Registry at Taiwan CDC through an internet-
based notification system. The completeness of
notification improved substantially after imple-
menting the no-notification-no-reimbursement
policy in 1997.14 In the registry, the identifica-
tion number of Taiwanese citizenship was the
unique identifier of notified cases. Those who
were not citizens of Taiwan were registered by
their passport number or other identifiers, and
were classified as foreign-born TB cases. Country
of origin of the foreign-born TB cases was recorded
in the National TB Registry.
Data of all TB cases notified between January
1, 2002 and December 31, 2005 were obtained
from the National TB Registry. The notification
rate of TB among the foreign-born population was
estimated by the number of notified TB cases di-
vided by the estimated foreign-born population
living in Taiwan. Furthermore, according to their
occupational status, foreign-born TB patients were
categorized into two groups: foreign laborers and
other foreigners. For analysis of regional distribu-
tion of TB cases, Taiwan is divided into the follow-
ing four geographic regions: (i) Northern region,
including Keelung City, Taipei City, Taipei County,
Yilan County, Taoyuan County, Hsinchu City,
Hsinchu County, and Kinmen and Lienchinag;
(ii) Central region, including Miaoli County,
Taichung City, Taichung County, Nantou County,
Changhua County, and Yunlin County; (iii)
Southern region, including Chiayi City, Chiayi
County, Tainan City, Tainan County, Kaohsiung
City, Kaohsiung County, Pintung County and
Penghu; and (iv) Eastern region, including Taitung
County and Hualien County.
Categorical data were analyzed by the χ2 test
using Statview 5.0 (Abacus Concepts; SAS
Institute, Cary, NC, USA). A value of p < 0.05 was
considered statistically significant.
Results
The estimated average number of foreign-born
persons living in Taiwan during 2002–2005 was
650,189. Compared with the average Taiwan-
born population in the same period, which was
22,600,606, the size of the foreign-born popula-
tion living in Taiwan was relatively small. During
2002–2005, about 288,332 (44.3%) of the foreign-
born persons in Taiwan were foreign laborers. It
is estimated that 98.4% of foreign laborers were youn-
ger than 45 years and 57.1% were female.15 The es-
timated number of foreign spouses living in Taiwan
has been increasing, of whom approximately 90%
were female and likely to be of a young age.12
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Table 1 shows that, from 2002 to 2005, a total
of 2444 TB cases among foreign-born persons
were notified to the National TB Registry, which
accounted for 3.6% of the total cases notified in
Taiwan. During that period, there were 65,056
(96.4%) confirmed TB cases among the Taiwan-
born population. The case number of foreign-
born TB patients was 639 in 2002, which increased
slightly to 654 in 2005. The proportion of foreign-
born TB cases was 3.7% in 2002, and remained
constant at that level during 2002–2005. The
overall notification rate of TB among the foreign-
born population was 94 per 100,000, which was
slightly higher than that of the Taiwan-born pop-
ulation (72 per 100,000). Figure 1 shows that the
notification rate among foreign-born males liv-
ing in Taiwan was 100 per 100,000, and that
among females was 91.1 per 100,000; both were
higher than the rates among the Taiwan-born
population (98.1/100,000 males, 44.9/100,000
females). In both foreign-born and Taiwan-born
populations, the notification rate among males
was higher than that among females.
Of the 2444 foreign-born TB patients, 2029
(83.0%) had sole pulmonary TB, 292 (11.9%)
had sole extrapulmonary TB, and 123 (5.0%)
had both pulmonary and extrapulmonary disease.
Information about sputum smears for acid-fast
bacilli was available in 1442 (59%) patients, of
whom 305 (21%) were sputum-smear positive.
Information about sputum culture of Mycobacte-
rium tuberculosis was available for 996 (41%) pa-
tients, of whom 441 (44%) were culture-positive.
Of the 2444 foreign-born patients, 927 (38%) had
information for both smears and culture, of whom
409 (44%) were culture-positive; 1511 (62%)
had information for smears and/or culture, of
whom 588 (39%) were smear- and/or culture-
positive.
Table 2 shows the sex and age distributions for
both foreign-born and Taiwan-born TB patients,
and the regions from which the cases were noti-
fied. The majority of TB cases among the foreign-
born population were female (65.4%), whereas
the majority of Taiwan-born TB cases were male
(69.4%) (p < 0.001). Patients aged 25–44 years
comprised the largest group (70.9%) of foreign-
born cases, while only 17.5% of Taiwan-born TB
cases were in that age group (χ2, p < 0.001; Figure
2). Most foreign-born TB patients (62.7%) lived
in the Northern region of Taiwan, but only about
one-third (36.5%) of Taiwan-born TB cases were
notified from that region (χ2, p < 0.001).
Of the 2444 foreign-born TB cases, 1158
(47.4%) had information about their countries
of origin, of whom 38.2% were from Mainland
China, 34.8% from Vietnam, 7.4% from the
TB among foreign-born
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Table 1. Tuberculosis case numbers, proportion and notification rates among foreign-born and Taiwan-born persons, Taiwan,
2002–2005
n (%) [rate]
2002 2003 2004 2005 Overall
Foreign-born 639 (3.7) [108.2] 546 (3.5) [87.3] 605 (3.5) [90.6] 654 (3.8) [91.1] 2444 (3.6) [94.0]
Taiwan-born 16,758 (96.3) [74.6] 15,042 (96.5) [66.7] 16,784 (96.5) [74.1] 16,472 (96.2) [72.5] 65,056 (96.4) [72.0]
Total 17,397 (100) [75.5] 15,588 (100) [67.2] 17,389 (100) [74.6] 17,126 (100) [73.0] 67,500 (100) [72.6]
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Figure 1. Tuberculosis notification rates among foreign-born
and Taiwan-born persons by sex, Taiwan, 2002–2005.
Philippines, 7.3% from Thailand, and 6.0% from
Indonesia (Table 3).
Numbers and rates of notified TB cases among
foreign-born persons according to occupational
status are shown in Table 4. Foreign laborers ac-
counted for more than half of all foreign-born TB
cases (51.7%), and had a higher notification rate
than that of other foreigners.
Discussion
To the best of our knowledge, this is the first study
to investigate TB among the foreign-born popu-
lation living in Taiwan. Based on data from the
National TB Registry of Taiwan CDC, we disclosed
the current status of foreign-born TB patients in
Taiwan. Our study showed that the number of
TB cases among foreign-born persons constituted
only a small fraction of all registered TB cases.
Unlike the striking upward trend of foreign-born
TB cases in developed countries,2,3,5–7,9,16–18 the
number and proportion of TB cases among 
foreign-born persons in Taiwan remained stable
during our study period (Table 1). Although there
was a slight increase in foreign-born TB cases in
2004 and 2005, there was no evidence to suggest
that TB cases among foreign-born persons had 
a considerable impact on the TB epidemic in
Taiwan.
However, the notification rate of foreign-born
persons was higher than that of the Taiwan-born
population, especially among foreign laborers.
More than 90% of foreigners living in Taiwan are
from Mainland China, Vietnam, the Philippines,
Thailand, and Indonesia, where the burden of
TB is among the top 22 countries globally.10,11 TB
among people from these countries accounted
for 93.7% of all foreign-born cases in Taiwan.
These findings are compatible with previous re-
ports that immigrants from countries with a high
prevalence of TB have a higher risk of developing
active TB.2,19–22 Unfortunately, we were unable to
calculate the notification rate of TB by countries
of origin because this information was incomplete.
We were also unable to calculate age-specific 
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notification rates of TB among foreign-born 
persons because data routinely collected by the
authorities do not include the age of foreign-
born persons in Taiwan. This is an important
finding of this study and deserves immediate at-
tention from the health authorities.
There was a considerable proportion of foreign-
born TB cases without information about spu-
tum examination. In Taiwan, it is mandatory for
physicians to report active TB cases to the public
health authorities. Any foreign laborer notified
as an active TB patient would be deported to
TB among foreign-born
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Figure 2. Age distribution among foreign-born and Taiwan-born TB persons, Taiwan, 2002–2005.
Table 3. Tuberculosis cases among foreign-born persons, Taiwan, 2002–2005, by country of origin (n=1158)
n (%)
2002 2003 2004 2005 Overall
Mainland China 70 (51.1) 84 (39.1) 146 (44.5) 142 (29.7) 442 (38.2)
Vietnam 48 (35.0) 94 (43.7) 126 (38.4) 135 (28.2) 403 (34.8)
Philippines 4 (2.9) 6 (2.8) 14 (4.3) 62 (13.0) 86 (7.4)
Thailand 4 (2.9) 9 (4.2) 16 (4.9) 56 (11.7) 85 (7.3)
Indonesia 6 (4.4) 11 (5.1) 15 (4.6) 38 (7.9) 70 (6.0)
Japan 3 (2.2) 2 (0.9) 2 (0.6) 4 (0.8) 11 (0.9)
Malaysia 0 (0) 0 (0) 3 (0.9) 4 (0.8) 7 (0.6)
America 0 (0) 0 (0) 0 (0) 5 (1.0) 5 (0.4)
Korea 0 (0) 0 (0) 0 (0) 2 (0.4) 2 (0.2)
Others 2 (1.5) 9 (4.2) 6 (1.8) 30 (6.3) 47 (4.1)
Table 4. Tuberculosis cases among foreign-born persons by occupation, Taiwan, 2002–2005
n (%) [rate]
2002 2003 2004 2005 Overall
Foreign laborers 383 (59.9) [132.9] 294 (53.8) [102.8] 286 (47.3) [100.0] 300 (45.9) [102.4] 1263 (51.7) [109.5]
Other foreigners 256 (40.1) [84.6] 252 (46.2) [74.3] 319 (52.7) [83.6] 354 (54.1) [83.4] 1181 (48.3) [81.6]
their country of origin within 14 days of notifica-
tion, which is probably a reason for the insuffi-
cient information about laboratory examinations.
Furthermore, among those foreign-born TB cases
with information about sputum examinations,
the proportion with a positive smear or culture
was relatively low, which implies that over-diag-
nosis of TB based on findings of chest X-rays
(CXRs) was likely. Clearly, the repatriation policy
of deporting foreign laborers within 14 days 
of the diagnosis of TB should be reviewed and 
revised.
According to the current policy in Taiwan,
foreign laborers need to have routine CXR exam-
ination before and immediately after arrival in
the country. In addition, CXR examinations are
required at 6, 18 and 30 months after arrival. The
intensive screening programs probably resulted
in a higher detection rate of TB among foreign 
laborers. It has been documented that targeted
TB screening programs, such as regular CXR ex-
aminations and passive diagnosis, are effective in
controlling TB among immigrants from high-
prevalence areas in low-incidence countries.23,24
In view of the steady proportion of foreign-born
TB cases, the same strategy may also be suitable
in Taiwan, a country with a relatively high notifi-
cation rate of TB. As other non-laboring foreigners
from countries with a high TB prevalence are also
at risk of developing active disease, the utility of
an intensive CXR screening program among these
high-risk individuals should be evaluated.
Reports from other countries have indicated
that the risk of developing TB disease is highest
in the first 5 years of arrival, and then declines
gradually thereafter.2,7–9,19,23 In persons from se-
lected countries and regions, the case rate may
remain considerably high 5 years after arrival.7–9
Besides, it has been reported that reactivation of
latent infection, rather than newly acquired in-
fection, plays a major role in the TB epidemiol-
ogy of foreign-born persons.2,9,19,25,26 These
findings have led to the development of guide-
lines that emphasize detection and treatment of
latent TB infection (LTBI) in foreign-born persons
in developed countries. In Taiwan, guidelines for
the management of LTBI do not consider foreign-
born populations as a priority group.27 As in-
formation about the duration of residence in
Taiwan of foreign-born TB patients is not avail-
able in the current database of Taiwan CDC,
more surveillance data of these foreigners are 
required for the development of a comprehen-
sive strategy of TB control. The majority of TB
cases among foreign-born populations were fe-
male (65.4%) and aged 25–44 years (70.9%).
This likely reflected the fact that females and
young age group are predominant factors among
foreign-born persons living in Taiwan, but this
cannot be ascertained before a better surveillance
system is in place. Taking these results together, 
it is crucial to monitor the basic profile of the
foreign-born population in general and TB cases
in particular, including at least age, sex, country
of origin, date of entry and duration of residence,
which are essential for the development of a sound
strategy for TB control among the foreign-born
population.
There are limitations to our study. First, all
available data are retrospective and based on the
registration information of local health adminis-
trations reported to Taiwan CDC. Information
about countries of origin is incomplete for a sub-
stantial proportion of registered TB patients, which
may lead to underestimation of the case numbers
in some countries. Second, although we have tried
our best to obtain information about persons
from Mainland China, the data were incomplete
in all sources available, and could only be esti-
mated from the entry and exit records of the
National Immigration Agency. As the population
from Mainland China has been expanding, espe-
cially those who have come as foreign spouses,13
it is essential to establish a comprehensive data
system for better surveillance of this population.
Third, a substantial proportion of foreign-born
TB cases did not have results of sputum examina-
tions. We were not able to determine the accu-
racy of diagnosis and the level of over-diagnosis
of TB.
In conclusion, our study provides a current pro-
file of foreign-born TB patients in Taiwan. The
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proportion of foreign-born TB cases was low dur-
ing 2002–2005. However, the notification rate of
TB among foreign-born persons was higher than
that of the Taiwan-born population. Better epi-
demiologic surveillance of TB among the foreign-
born population is essential for the fight against
TB in Taiwan.
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